Two greenhouse experiments were carried out at Army Farm, at El-Amria region, Alexandria, Egypt, during the two seasons of 2016-2017 and 2017-2018, as an attempt to rationalize of irrigation water through studying the effect of three water regimes, three pruning systems and four potassium silicate rates on the dry mass accumulation in the various plant organs of sweet pepper. Results showed that application of the lower amount of irrigation water (30% depletion ratio) with repeat its addition achieved the highest significant mean values of roots, stems, leaves and whole plant dry mass at one, three and nine months after transplanting (MAT), as well as fruits dry mass after three and nine MFT, in the two seasons. Furthermore, the results indicated that un-pruned sweet pepper plants achieved significant higher mean values of roots, stems and whole plant dry mass, at three and nine MAT, in both seasons, as well as fruits dry mass at nine MAT only , in both seasons. The addition of, foliar application of potassium silicate up to 500 or 1000 mg l -1 , significantly, accumulated higher dry weight in roots, branches, leaves, fruits and whole plant of sweet pepper plants after one, three and nine MAT, compared with that unsprayed, in the two seasons. Likewise, sweet pepper plants that un-pruned or pruned up to 3 branches plant -1 and irrigated with the lower amount of irrigation water (30% depletion ratio) achieved the highest values of the dry mass of branches, leaves, fruits and whole plant at one, three and nine MAT compared with that pruned on two branches plant-1. However, the highest dry mass value of roots, branches, leaves, fruits and whole plant of pepper were obtained from the treatment combination included the lower amount of water (30 % water depletion ratio) and spray 1000 mg l -1 of potassium silicate, in both seasons, after one, three and nine MAT. Interactions between pruning systems and potassium silicate concentrations indicated that the highest values of the dry mass of roots, branches and whole plant of sweet pepper plants were achieved from treatment combinations containing un-pruned plants and sprayed the plants with 1000 mg l -1 of potassium silicate, in both seasons.
INTRODUCTION
Sweet pepper (Capsicum annum L.) is one of the important Solanaceious vegetable crops that grown under greenhouses of worldwide.
In Egypt, greenhouse pepper production is based on ninemonth cycle (El-Sayed et al., 2015) , thus, it is a high-value cash crop that either for domestic market are for export.
The whole cycle of a sweet pepper plants divided into a vegetative and generative phases (Nielsen and Veierskov, 1988) . In the vegetative growth stage, until 60 days after transplanting, the dry matter is oriented to the roots and leaves (Fernand, et al., 2004) . While in the generative stage, it consumes in formation the flowers, stems, leaves, and fruits. Therefore, the challenge facing greenhouse sweet pepper producers is to establish a strong vegetative growth and production of extra-large-sized fruits for export. However, pepper plants have a relatively a small root system where does not exceed 19.4-8.6% of the plant dry mass in both of the vegetative and reproductive growth stages, orderly (Fernand et al., 2004) . Consequently, it is important to know how to achieve a balance between the growth of both roots and formation of the stems, leaves, flowers, and fruits of the pepper plant, through the redistribution of dry matter among various plant organs by improving pruning system and foliar application of potassium silicate under water stress conditions. Total water requirements of sweet pepper are 1250 mm for long growing seasons and several pickings (FAO, 2015) , i.e. 5000 m 3 fed -1 . For high yields, an adequate water supply and relatively moist soils are required during the growing period. The period at the beginning of the flowering is most sensitive to water shortage and soil water depletion in the root zone during this period should not exceed 25 % (FAO, 2015) . Water shortage just prior to and during early flowering reduces the number of fruit (Katerji et al., 1993 and FAO, 2015) . Therefore, controlled irrigation is essential for high yields because the crop is sensitive to both over and under irrigation (FAO, 2015) . Where, Hedge (1987) found that bell pepper yields in India were similar when irrigated at 40% and 60% of available soil moisture, but yields were reduced when irrigation was applied at either 20% or 80% of available soil moisture.
Pruning system of sweet pepper plant is a tool to control of fruits development through restricting the branching pattern to 2 or 3 or 4 main stems. In this context, the limitation of shoot numbers achieved the heavier fruits (Cebula, 1995 , Jovicich, et al., 1999 , Maboko et al., 2012 and Alsadon et al., 2013 . Whereas, decreasing the number of shoots of pepper reduced the number of leaves on the plants, while the surface of a single leaf was extended (Dasgan and Abak, 2003) , therefore this leads to a balance between vegetative and reproductive growth in order to maximize plant growth and fruit production. Where, pruning system contributes to facilitate the light penetration of the leaves, improve fruit set, early fruit ripening, and high yield of largesized fruits (Resh, 1996 , Jovicich, et al., 1999 and Zende, 2008 . Moreover, it achieves saving in the amount of water irrigation through reducing plant leaf area and canopy (Hipps et al., 2014) . Awalin et al. (2017) found that shoot pruning of pepper achieved the greatest number of marketable fruits per plant (8.70), maximum fruit setting (39.32%) and highest yield (26.60 t/ha).
Silicon (Si) foliar application, as potassium silicates, is a relatively new technique of feeding the plants. Where, Si has many roles in the plant physiology; regulation of the uptake of other ions and increase tolerance plants to various biotic and abiotic stresses (Zhu et al., 2004) as well as alleviate water stress through reduce transpiration rate (Hattori et al., 2005) by reduction the diameter of stomatal pores (Efimova and Dokynchan, 1986) . Si is stimulating the growth and development of many plant species by correcting the levels of endogenous growth hormones, i.e., auxins, gibberellins and cytokinins under stress conditions (Hanafy Ahmed et al., 2008) . Moreover, the adequate nutrition with Si interferes in the plant architecture; by enhancing rigidity, strengthening and elasticity of cell wall (Hanafy Ahmed et al., 2008) as well as improving erecting of leaves, increasing solar radiation interception and photosynthetic efficiency (Pereira et al., 2003; Al-Aghabary et al., 2004) .
The current research was carried out as an attempt to achieve a balance between both the vegetative growth and fruits production by studying the influence of three-irrigation water regime, three pruning systems and four potassium silicate rates as well as its interactions on the dry mass production of sweet pepper plants (Gavotte F1 cv.) grown in calcareous soils under greenhouse.
MATERIALS AND METHODS
Two greenhouse experiments were carried out at the Army Farm, in El-Amria region, Alexandria, Egypt, during the two seasons of 2016-2017 and 2017-2018 , as an attempt to rationalize of irrigation water through following up the distribution of dry mass in the various plant organs of sweet pepper, as affected by threeirrigation water regime, three pruning systems and four potassium silicate rates. Each experiment was conducted in nine greenhouses; the area of each greenhouse was 360 m 2 (6 rows × 1.5 m width × 40 m long). One week before pepper transplanting, 4 m 3 of cattle manure + 2 m 3 of chicken manure + 20 kg sulfur + 50 kg calcium super phosphate 15.5 % was incorporated into the soil of the six rows, in each greenhouse, at 15-20 cm depth.
Preceding the initiation of each experiment, in both seasons, soil samples were collected from nine greenhouses, at 15-30 cm depth, and analyzed in Nobariya Lab. of agricultural analyses, for some soil's physical and chemical properties according to the published procedures (Page et al., 1982) , the results of this analyses are listed in Table (1). In each greenhouse, the drip irrigation network consisted of lateral's GR of 16 mm in diameter, with emitters at 0.5 m distance, with allocating two laterals for each row. The emitters had a discharge rate 4 l h -1 . For good plant establishment, before transplanting, 5 m 3 of irrigation water was applied to each greenhouse, and then the transplants of sweet pepper (Gavotte F1 cv., Rijk Zwaan Co., Netherlands) were sown, on August 5 th , in both seasons of 2016 and 2017, in two lines on each row. The row spacing was 50 cm between the transplants and 25 cm between the two lines.
Treatments:
1-Water Regime
Three water regime (based on depletion ratio) treatments were executed, in the two experiments; 30, 50 and 70% from the available soil water (ASW) in the root zone. Therefore, net irrigation application depth to sandy loam soil was calculated to maintain the available soil water in the root zone ( up to 30 cm depth) at 30, 50 and 70% in accordance with a depletion ratio 70, 50 and 30%, according to a formula that reported by Qassim and Ashcroft (2002) . Net irrigation application depth (mm) = Root depth (m) × depletion fraction × total available water (mm m-1) Allen et al., 1998 and Razmi and Ghaemi (2011) , Table ( 2). Addition, irrigation frequency (irrigation period) was calculated by dividing the net irrigation application depth (mm) by ET c (mm day -1 ).
Irrigation period (day) = net irrigation application depth(mm) ETC(mm day-1)
Pruning systems
Three pruning systems were executed on the sweet pepper plants that grown under greenhouse, where after 30 days from transplanting, the first crown flower and lateral shoots, just above the cotyledonary node, were removed. Based on the number of branches, which left on each plant of sweet pepper, the pruning treatments were; control without pruning (Spanish pruning), left 2 and 3 main branches plant -1 (Holland pruning).
Potassium Silicate
Potassium silicate (K 2 SIO 3 ), in a powder form, contain 22.5% SiO 2 and 10.25% K 2 O, were used as a foliar application at four concentrations; 0, 250, 500 and 1000 mg l -1 . Potassium silicate was sprayed four times, at 30, 60, 90, and 120 days after transplanting. Spreading agent (Super Film 1 ml l -1 ), was used, with different potassium silicate concentrations. The untreated plants (control) were sprayed with tap water plus the same spreading agent only.
Experimental Design:
Each experiment included 36 treatments, which were the combinations of four potassium silicate concentrations (0, 250, 500 and 1000 mg l -1 ) under three pruning systems (without pruning, left 2 and 3 main branches plant -1 )under three water regimes (30, 50 and 70% from the available soil water). The experimental design used was the split-split-plot system in a Randomized Complete Blocks Design, with three replications. Each replicate contained three greenhouses (main plots). Three water regime treatments were, randomly, arranged in the main plots, while three pruning systems were, randomly, distributed within each greenhouse as the sub-plots. Each sub-plot contained two rows having an area of 120 m 2 . Moreover, four potassium silicate concentrations were randomly distributed within each pruning system as sub-sub-plots. Each subsub-plot contained two rows having an area of 30 m 2 .The average temperatures and relative air humidity inside the greenhouse were 24.6 ± 2.1°C and 50.2 ± 2% throughout sweet pepper growth stages, respectively.
Agricultural Practices
All sub-sub-plots received the same amounts of fertilizers, where received N, P and K fertilizers at the rates of 180-270-180 kg fed -1 as ammonium nitrate (33.5%N), nitric acid (55%), NPK compound fertilizer (19-19-19) and mono potassium phosphate (0-52-34), in both experiments. NPK fertilizers were injected directly into the irrigation water (fertigation) using a venture injector at two doses weekly, started in the 2 nd week after transplanting and continued up to the 39 th week. Other cultural practices such as pest control and cultivation were carried out, whenever; it was necessary and as applied to the greenhouse commercial sweet pepper production.
Data Recorded:
After one, three, and nine months from transplanting (MFT), five plants were randomly chosen, from each sub-sub-plot, then uprooted from the soil to determine the dry mass accumulation of the root, stem and leaves (g) per plant. Moreover, sweet pepper fruits were harvested at twice weekly starting from 90 days after transplanting, then at the end of the growing season; fruits yield per plant was recorded and the dry mass accumulation of fruits (g) per plant were determined ( Ryan et al.,2007) . Gomez and Gomez (1983) ..
Results and discussion
The results presented in Figures (1, 2 and 3 ) showed significant influences of water regime (depletion ratios; 30, 50 and 70 % of ASW), pruning systems (without pruning, left 2 and 3 branches plant -1 ) and potassium silicate concentrations (0, 250, 500 and 1000 mg l -1 ) on the dry mass accumulation of various plant organs of sweet pepper, through varied growth stages, i.e. after one, three and nine months after transplanting (MAT), in both seasons of 2016-2017 and 2017-2018 .
Effect of Water Regime (depletion ratios)
Results in Figure 1 (B, C, E and F) illustrated that there were significant and gradual increases in dry mass accumulation of roots, branches, leaves, fruits, and whole plant through varied growth stages, i.e. at three and nine MAT, in both seasons, as a result of decreasing the water depletion ratio from 70 up to 30 % of ASW in the root zone. the, application of lower amount of irrigation water (30% depletion ratio) with repeat its addition achieved the highest significant mean values of roots, stems, leaves and whole plant dry mass at one, three and nine MAT, as well as fruits dry mass after three and nine MFT, in the two seasons of 2016-2017 and 2017-2018 . Moreover, the results Figure 1 (A and D) showed that dry mass values of various plant organs of sweet pepper in the early growth stage ( at one MAT) did not significantly differ with applying irrigation water at 50% and 70% of ASW. While, significant difference between 50% and 70% of ASW were detected of dry mass values of various plant organs of sweet pepper after three and nine MAT, in both seasons. Such results might be expected on base that increase the available soil water, with the application of the lower amount of irrigation water (30% depletion ratio) with repeat its addition, leads to growing sweet pepper plants with no exposure to any water stress. Accordingly, the increase in available soil water will led to an increase in available nutrients would allow for excessive rates of photosynthesis and the accumulation of stored food in the various plant organs of sweet pepper. The current results are in agreement to a great extent with those reported by Kirnak et al., (2001) who reported that plant growth is decreased when soil water availability is limited. Hedge (1987) found that bell pepper yields in India were similar when irrigated at 40% and 60% of available soil moisture, but yield was reduced when irrigation was applied at either 20% or 80% of available soil moisture. Moreover, Ezzo et al., (2010) revealed that moderate (90 % ET 0 ) and medium (70 % ET 0 ) irrigation regimes were able to compete high irrigation levels (110 % of ET 0 ) regarding the dry weight of sweet pepper plants. Likewise, Smittle et al. (1994) found that yields and water use were greatest when irrigation was applied at 25 kPa than using 50, or 75 kPa (Pressure unit kilopascal) during growing pepper crop.
Concerning the dry mass accumulation in branches, under the lower rate of depletion ratio (30%), the results indicated that there were an increase in the dry weight of branches 15.60, 60.80 and 105.71 and 16.47, 56.52 and 101 .65 g at one, three and nine MAT, in both seasons, respectively (Figure 1) . Where, branches dry mass achieved 63.33 and 62.36 % after one month, 57.60 and 53.26 % after three months and 17.76 and 15.59 % after 9 MAT from that accumulated by the whole plant, in two seasons. Regarding the fruits dry mass accumulation, the results in Figure (1 MAT and 77.92 & 80 .24 % after 9 MAT from the total dry mass accumulated by the whole plant under the same water depletion ratio in both seasons, respectively. These findings appeared to be in close agreement with results reported by Chatzoulakis and Drosos (1997) who indicated that application of 0.65 and 0.40 x ET m (based on maximum evapotranspiration) which equivalent to 384 and 296 mm of water gave significant reduction in plant dry weight. However, results of Vamez et al., (1992) reported that keeping the soil around field capacity (-0.03 MPa), the plant dry weight significantly higher than those in more dry treatments (keeping soil water potential at -0.1 or -0.3 MPa).
Effect of Pruning Systems Results in Figure 2 (A-F) indicated that there were a significant differences among pruning systems treatments on the dry mass accumulation of different sweet pepper plant organs at one, three and nine MAT, in both seasons. Spanish pruning system (un-pruned plants) for sweet pepper plants leads to accumulate more significant dry mass in the roots compared with Holland pruning system with 2 or 3 branches after one MAT, in the first season (Figure 2; D) . Morovere, un-pruned sweet pepper plants achieved significant higher mean values of roots, stems and whole plant dry mass, at three and nine MAT, in both seasons (Figure 2 ; B,C,E and F), as well as fruits dry mass at nine MAT only , in both seasons (Figure 2 ; C and F). Generally, within the Holland pruning system, increasing the number of stems plant -1 from 2 to 3 branches, achieved the highest mean values of the roots, branches, leaves, fruits and whole plant dry mass at three and nine MAT, in the two growing seasons. Such a general positive response of dry mass accumulation of sweet pepper plants due to pruning system might be attributed to dry matter distribution is primarily regulated by the sinkstrength of the various organs. Thakur et al., (2018) stated that when the available assimilates equal or exceed the total sink strength of the plant, the growth rates of the vegetative parts and the individual fruit occur at the potential rates. However, when the amount of available assimilates is less than the total sink strength, the assimilates are distributed between roots, leaves, stem, and fruit according to their individual sink strengths relative to the total sink strength. Such results are in agreement with those obtained by Nielsen and Veierskov (1988) who mentioned that there is a balance development of the dry matter of roots and top, and a functional equilibrium seems to exist, but there seems to be an underlying control system of this balance. Jovicich, et al., (1999) reported that number and dry weight of leaves and total plant dry weight were higher in four and two than in singlebranche plants. Additionly, Maniutiu et al. (2010) reported that the shoot pruning is an important factor in proper utilization of production of sweet pepper. Furthermore, pruning of sweet pepper under greenhouse conditions facilitate light penetration throughout the leaf canopy for more efficient interception of light, which reflected on the increase the dry mass of the organs of sweet pepper plants (Jovicich, et al., 1999) . The previous findings indicated that the foliar structure of the plants pruned to three main branches was sufficiently large to allow for higher accumulation of dry matter when compared with to the two branches within the Holland pruning system.
Effect of Potassium Silicate
The different comparisons, Figure 3 (A-F), indicated that, in both seasons, dry mass of the roots, branches, leaves, fruits and whole plant of sweet pepper plants grown in calcareous soil under greenhouse conditions increased significantly and successively as the concentration of potassium silicate was increased up to 1000 mg l -1 after one, three and nine MAT. Application of potassium silicate at concentration of 1000 mg l -1 produced the highest dry weight accumulation for all studied plant organs, at all growth stages, in the two seasons. These significant increases might be attributed to the favorable effect of potassium silicate on the plant metabolism, and due to improve erecting of leaves, increase solar radiation interception and photosynthetic efficiency, which reflected on the increase dry mass of sweet pepper plant organs as mentioned by (Pereira et al., 2003; Al-Aghabary et al., 2004) .
Interaction Effects Between Water regime (Depletion Ratios) and Pruning Systems
It is obvious from the data presented in Table ( 3) that the first order interaction between water depletion ratios and pruning systems had significant effects on dry weight accumulation of roots, branches, leaves, fruits and whole plant of sweet pepper plants after one, three and nine MAT, in both seasons. In general, the best treatment combination, which achieved the highest mean values of the dry mass accumulation of roots, was that involved unpruned plants and irrigated with the lower amount of irrigation water (30% depletion ratio) with repeat its addition. Meanwhile, sweet pepper plants that unpruned or pruned up to 3 branches plant -1 and irrigated with the lower amount of irrigation water (30% depletion ratio) achieved the highest values of dry mass of branches, leaves, fruits and whole plant at one, three and nine MAT compared with that pruned on two branches plant -1 . The increments in the dry mass of a pepper plants with combination between pruned pepper plants up to 3 branches and irrigated with the lowest amount of irrigation water (30% depletion ratio), might be due to that pruning system contributes to facilitate the light penetration of the leaves. In addition to, the increase in available soil water will be led to an increase in available nutrients for excessive rates of photosynthesis.
Interaction Effects Between Water regime (Depletion Ratios) and potassium silicate concentrations
The statistical comparisons listed in Table ( 4) illustrated the presence of some interaction effects, between water regime and potassium silicate concentrations, on the dry mass accumulation in varied organs of sweet pepper plants, at one, three and nine MAT, in both growing seasons. The results showed that the highest dry mass accumulation of varied plant organs and whole plant were obtained with application of the lowest amount of water (30 % depletion ratio) and sprayed the plants with 1000 mg l -1 of potassium silicate, in both seasons, after one, three and nine MAT. The obtained results may be attributed to the lower evapotranspiration caused as a result of spray sweet pepper plants with the highest concentration (1000 mg l -1 ) of potassium silicate which increased the thickness of the leaves and protected plants from water loss.
Interaction Effects Between Pruning systems and potassium silicate concentrations
The comparisons among the means of the various treatment combinations, presented in Table  ( 5), illustrated the presence of the interaction effects between the pruning systems and potassium silicate concentrations on the dry mas of varied organs of pepper plant through various growth stages, in both seasons.
The results showed that the highest values of the dry mass of branches, leaves and whole plant of sweet pepper plants after one MAT, were produced from treatment combinations involving pruned plants up to 3 branches and sprayed the plants with 1000 mg l -1 of potassium silicate, in both seasons. However, the highest values of the dry mass of roots at the same growth stage, was obtained from treatment combinations including pruned plants up to 2 branches and sprayed the plants with 1000 mg l -1 , in both seasons.
In The other growth stages; after three and nine months from transplanting, the results indicated that the highest values of the dry mass of roots, branches and whole plant of sweet pepper plants were achieved from treatment combinations containing un-pruned plants and sprayed the plants with 1000 mg l -1 of potassium silicate, in both seasons. Moreover, the highest values of dry mass of leaves and fruits obtained from treatment combinations including pruned plants up to 3 branches and sprayed the plants with 1000 mg l -1 . These significant increases might be due to the positive synergistic effect between the pruning systems and potassium silicate concentrations on the plant metabolism, improving erecting of leaves, increasing solar radiation interception and photosynthetic efficiency, which reflected on the increase dry mass of sweet pepper plant organs through various growth stages.
It is concluded that application of the lowest amount of water (30 % depletion ratio) with pruned pepper plants up to 3 branches plant -1 as well as spray the plants with 1000 mg l -1 of potassium silicate has led to increase the dry mass of the varied organs of sweet pepper plants through various growth stages. Therefore, the combination of water regime, pruning system and foliar application of potassium silicate have the potential to be used to increase the dry mass productivity of sweet pepper grown in calcareous soil under greenhouse, as a low input, safe, environmentally friendly agricultural practices and to save the irrigation water. Y. Values marked with the same letter (s) are statistically similar using Revised LSD test at p= 0.05. Uppercase letter (s) indicate differences between main effects, and lower case letter(s) indicate differences within interaction of each character.
Z Pruning treatments: P 0 = without pruning (Spanish system) and P 1 = two stems and P 2 = three stems plant -1 (Holland system). 
